Objective: Heredity plays an important role in the predisposition to atherosclerotic coronary artery disease (CAD), and its thrombotic complications. Paraoxonase, a high-density lipoprotein-associated enzyme capable of hydrolyzing lipid peroxides, is presumed to contribute to atherosclerosis and CAD. This study investigates the role of human paraoxonase 1 (PON 1) gene (Q192R) polymorphism in CAD risk among Chinese type 2 diabetic cases. Design: A population-based case-control study of paraoxonase 1 gene (Q192R) polymorphism and the risk of CAD in Chinese type 2 diabetics. Methods: Subjects included 201 angiographically documented CAD patients with type 2 diabetes and 231 control subjects with type 2 diabetes alone living in central China. Single strand conformational polymorphism (SSCP) analysis was used to screen for PON 1 gene (Q192R) polymorphism. Results: Frequency of the R allele was 21.5% in the CAD patients and 12.0% in the control subjects. The presence of the R allele was significantly associated with risk of CAD (odds ratio OR 1X97; 95% confidence interval CI 1X36±2X86X Conclusion: Frequency of the 192R allele of the human paraoxonase 1 gene may be an independent risk factor for CAD in the Chinese type 2 diabetics studied.
Introduction
Familial clustering of early-onset coronary artery disease (CAD) is well established (1) . Type 2 diabetes is a major risk factor for the development of CAD and subsequent myocardial infarction (MI) (2) . Both genetically mediated lipid abnormalities, and environmental factors contribute to the pathogenesis of premature CAD (3) . Although the levels of lipoproteins such as low-and high-density lipoprotein (LDL and HDL) cholesterol may not be abnormal in patients with type 2 diabetes, lipoprotein glycation may be responsible for this abnormal function (4) . Genetic markers involved in lipoprotein metabolism and modification may therefore be especially important in the development of CAD and MI in patients with type 2 diabetes. One gene that has been known to play a role in the pathogenesis of CAD is the human paraoxonase 1 gene located on chromosome 7 (7q21±22) (5) .
Paraoxonase (PON) is an HDL-bound enzyme which catalyzes the hydrolysis of organic phosphates and lipid peroxides thereby leading to protection against LDL oxidation, and its subsequent positive role in the risk of CAD. Paraoxonase is codominantly expressed as Gln (Q) and Arg (R) alleles. A strong association between PON 192 polymorphism and PON activity has been established ± an indication that this polymorphism could be responsible for the two human serum PON phenotypes, PON A and PON B determined by the Q and the R alleles respectively (6, 7) . The PON A phenotype is known to be associated with decreased levels of apolipoprotein-B (Apo-B) and triglycerides in the serum (8) . Furthermore, it has been reported that the Q allele is associated with decreased serum levels of total cholesterol, triglycerides and Apo-B, and increased serum levels of HDL cholesterol (9) . It should, however, be clarified that the effects of paraoxonase on lipoprotein levels in open populations are small, and that the populations used in this study are genetically isolated populations. In other words, lipoproteins do not necessarily confound the relationship between CAD and paraoxonase genotype. Studies on association of the PON 1 gene (Q192R) polymorphism with risk of CAD have been very contradictory (3, 10±11). To our knowledge only one report on the association of 192Q and R polymorphism in the PON 1 gene with CAD in Chinese type 2 diabetics (from the Chinese population in Singapore) exists (11) . The purpose of this study, therefore, was to investigate the association of PON 1 gene 192 Gln/Arg (or Q192R) polymorphism with CAD in 432 Chinese type 2 diabetic patients.
Subjects and methods
The study spanned from May 1997 through July 1999, and encompassed nine hospitals in the Changzhi region of Shanxi province, China. Informed consent was obtained from all subjects, who were admitted to the hospitals that participated in the study. The study was approved by the institutional review committees of the University of Tsukuba, Ibaraki-ken, Japan and Shanxi Medical University, Shanxi, China.
Selection of patients
The patient group consisted of 201 randomly selected unrelated type 2 diabetics aged 50±70 years with documented, angiographically confirmed coronary artery disease. The patients were randomly identified from type 2 diabetes patients who underwent cardiac catheterization for symptoms of CAD at the participating hospitals between 1997 and 1999. All patients had previously diagnosed diabetes fulfilling the World Health Organization criteria for type 2 diabetes. The CAD type 2 diabetes cases were matched with non-CAD type 2 diabetic control subjects randomly selected from the same population for sex and age. Angiographic records of five patients were not suitable for analysis, and four male and five female patients were excluded because no age-matched control subjects were available.
Selection of controls
The control group consisted of 231 type 2 diabetic subjects who showed no ECG or angiographic abnormalities and who met none of the criteria for CAD. For recruitment of controls, we initially randomly selected type 2 diabetes patients aged 50±70 years who showed no angiographic abnormalities and had no documented history of CAD or other cardiovascular anomalies. Potential control subjects were further screened for electrocardiographic abnormalities, all subjects with suspected cardiovascular abnormalities were excluded. Those subjects selected as controls had no history of angina pectoris (Rose questionnaire), no abnormal Q-wave on ECG (according to the Minnesota code), normal electrocardiograms at rest, and showed no signs of myocardial ischemia in exercise stress testing.
Definition of risk factors
Coronary angiography was performed by standard techniques with multiple projections and interpreted by two cardiologists who had no prior knowledge of the patient's clinical and laboratory findings. CAD, defined as .50% diameter stenosis in any major coronary vessel, was diagnosed by coronary angiography. The extent of stenotic changes was assessed on the basis of the number of stenotic vessels (right coronary, left anterior descending, or left circumflex arteries). Severity of stenosis was determined by a score assigned to each of 15 segments according to the classifications of the American Heart Association grading committee. A normal coronary angiogram was graded 0; ,25% stenosis as 1; 25±50% stenosis as 2; 50±75% stenosis as 3; and $75% stenosis as 4. A maximum value of 60 derived from the sum total of the above scores was used to define the coronary stenosis index. The CAD patients were then subclassified according to the National Heart, Lung and Blood Institute Coronary Artery Surgery Study (CASS) protocol as having one, two or three major epicardial coronary arteries with $50% luminal obstruction (12) . Patients who met two of the following criteria were considered to have suffered myocardial infarction: (1) history of prolonged chest pain lasting longer than 30 min and not responsive to nitroglycerin; (2) elevation of creatinine phosphokinase (CPK), including the CK-MB isoform, of $6%; (3) pathological Q-waves on ECG during follow-up, and ST segment elevation of .0.1 mV in at least two leads at the time of diagnosis. Patients exhibiting increased serum activities of enzymes such as creatinine kinase, aspartate aminotransferase, and lactate dehydrogenase were referred. The 201 CAD patients were diagnosed with type 2 diabetes according to the World Health Organization criteria (13) . Patients were classed as hypertensive if repeated measurements of systolic blood pressure were $140 mmHg and diastolic blood pressure $90 mmHg, or if diagnosed with arterial hypertension. Patients were classed as hyperlipidemic when plasma total cholesterol was .5.2 mmol/l, plasma triglycerides .1.7 mmol/l or if using lipidlowering drugs with an established diagnosis of hyperlipidemia. All subjects in both groups lived in the same region (Chanzhi/Shanxi) located in central China. The study population was believed to share the same ethnic ancestry, and a homogeneous genetic background. The distribution of PON 1 gene genotypes and allele frequencies among subjects was within Hardy±Weinberg equilibrium. Clinical and metabolic data were obtained by trained research assistants and nurses using standardized questionnaires and review of medical records and laboratory tests.
Detection of Q192R polymorphism in the human paraoxonase gene PCR of the target region in the PON A gene Genomic DNA was extracted from whole blood samples collected in disodium EDTA (3 mg/ml) according to established protocol with slight modification (14) . The DNA samples were subjected to amplification by PCR with primers (forward: 5 H -TAT TGT TGC TGT GGG ACC TGA G-3 H ; reverse: 5 H -CAC GCT AAA CCC AAA TAC ATC TC-3 H ) that encompass the polymorphic region in the human PON A gene as previously described (6) . The amplification reaction was performed in 25 ml reaction mixture containing template DNA, forward/ reverse primers, dNTP mixture and Taq DNA polymerase, and reaction buffer obtained from the amplification kit (Takara, Kyoto, Japan). Thermocycling was performed with a Gene Amp PCR system 9066-R (Perkin Elmer, Norwalk, CT, USA) and consisted of an initial denaturation at 94 8C for 1 min, followed by 40 cycles of denaturation at 94 8C for 30 s, annealing at 61 8C for 45 s, and extension at 72 8C for 45 s, with a final extension time of 5 min. PCR products were applied to SSCP analysis after visualization under UV light in ethidium bromide pre-stained agarose gel.
Single strand confirmational polymorphism (SSCP) analysis
One microliter of the PCR product was diluted with 14 ml loading buffer containing 99.5% of formamide and 0.5% Blue Dextran (Pharmacia Biotech, Uppsala, Sweden). After denaturation at 96 8C for 5 min, 2 ml of the diluted mixture was applied to 8% native polyacrylamide gel (49:1 acrylamide: bisacrylamide ratio) in 0X5 Â Tris±Borate EDTA buffer (TBE). Electrophoresis was carried out at 400 V, 30 mA and 20 W for 300 min at 18 8C. A DNA sequencer (ALFexpress, Pharmacia Biotech) equipped with a short gel plate 173 mm Â 31 mm Â 0X5 mm was used to perform fluorescence-based SSCP analysis. Data were analysed using Fragment Manager software from Pharmacia Biotech.
Sequencing of PCR products
PCR products from subjects who showed variant wave patterns in SSCP analysis were cut from the 1% agarose gel after electrophoresis and extracted using Microcon tubes (Amicon, Denver, MA, USA). The purified template DNA was sequenced directly using a genetic analyzer (ABI Prism 310, Perkin Elmer, Norwalk) with the same forward and reverse primers as used for PCR amplification.
Statistical analysis
2 analysis. Hardy±Weinberg equilibrium was confirmed using the x 2 test. Differences were considered significant when P , 0X05X Multivariate logistic regression analysis was performed to assess the independent role of the PON 1 genotype, and other CAD factors, including sex, age, BMI, and history of smoking, hypertension, and hyperlipidemia. All analyses were performed with statistical analysis software (SAS) (16) .
Results
Using SSCP analysis, three different polymorphic patterns were detected in the PON 1 gene from the 201 CAD type 2 diabetic patients and the 231 type 2 diabetic controls. Analysis by PCR direct sequencing of each product revealed three genotypes consisting of two alleles, indicative of base transition from A to G at codon 192. Table 1 shows the distribution of clinical and metabolic characteristics of the two study groups. There were no significant differences between the groups in terms of age, sex, smoking, BMI and total cholesterol. Genotype distribution and allele frequencies of the PON 1 gene in the CAD diabetes group and the diabetes only group are shown in Table 2 . The Q and R allele frequencies were 78.5 and 21.5% respectively in the CAD diabetic group and 88.0 and 12.0%, respectively in the diabetes only group. The R allele was significantly associated with the risk of CAD (odds ratio OR 1X97; 95% confidence interval CI 1X36±2X86; P 0X0002X Table 3 shows genotype distribution, allele frequencies of the PON 1 gene and ORs for CAD from the history of smoking in the respective groups. There were significant differences in allele frequencies between the CAD diabetic group and diabetes only group among smokers OR 2X4; 95% CI 1.47±3.9; P 0X0004X However, no significant difference in allele frequencies was observed with regard to CAD diabetic non-smokers and diabetic non-smokers OR 1X15; 95% CI 0.63±1.80; P 0X64 Results of multiple regression analysis indicated a significant independent association of age, 192R allele, hypertension, hyperlipidemia, and history of smoking with the risk of CAD (Table 4) . Furthermore, age, diabetes duration, hypertension, hyperlipidemia and history of smoking were significantly associated with three vessel disease. This observation may imply that the 192R allele is not significant in the three vessel disease, at least in our study population.
Discussion
The present study further supports the hypothesis that 192Q and R polymorphism in the PON 1 gene is associated with CAD in type 2 diabetic patients (10) . Studies in Japan confirmed that PON 1 (Q192R) gene polymorphism is related to CAD in Japanese diabetic patients (16 gene 192 Arg allele with CAD (3, 16±18). It is conceivable that gene±environment interaction may play a significant role in the predisposition to CAD. Until now allelic association studies have been the method of choice for the identification of genetic risk factors of complex traits. The PCR±SSCP technique is now widely used as a screening procedure for detecting mutations in prokaryotes, but is very little used in eukaryotic studies. PCR±SSCP it is easy to perform, less costly, and is a sensitive screening method for the detection of mutations than direct DNA sequencing or restriction fragment length polymorphism (RFLP) analysis. Since the effects of mutations on conformation of single-stranded DNA are more pronounced when the DNA fragments are small, the PCR±SSCP procedure is a good indicator of mutations, especially point mutations, in PCR-amplified regions.
In the present study, we examined 432 type 2 diabetic cases. There were no significant differences between the two groups with respect to clinical and metabolic characteristics; presumably this could be due to the small sample size for cases studied, and the population in question. Multiple logistic regression analyses revealed that association of the Arg allele with CAD in type 2 diabetes was independent of age, smoking history, total serum cholesterol levels and hypertension.
Despite the small sample size, a higher prevalence of the Arg allele was observed in CAD type 2 diabetic patients than in non-CAD type 2 diabetic subjects. It is therefore plausible that the functional role of paraoxonase in type 2 diabetic patients could be profoundly essential. Chronic hyperglycemia causes considerable modification in the structure and function of proteins, mostly due to the non-enzymatic glycation of amino acid residues (19) . Additionally, LDL cholesterol containing glycated apolipoprotein-B100 interacts with the vascular endothelium and platelets, leading to increased production of thromboxanes thereby decreasing thrombolytic prostaglandins (20±21). Furthermore, glycated LDL cholesterol is more readily oxidized, resulting in accelerated macrophage uptake by the scavenger receptor pathway (22) . The results of the present study and that of the published literature indicate that the protective effects of paraoxonase against peroxidation of LDL particles are important in CAD type 2 diabetes cases. A significant association was also observed between the 192R allele and history of smoking in CAD patients with type 2 diabetes. Smoking, an established risk factor for CAD, has been known to play an important role in the oxidative mechanism. Increased amounts of by-products and free radicals are generated in smokers from lipid peroxidation of oxidized LDL particles than from non-smokers and, as a result, plasma anti-oxidative capacity is lower in smokers than in non-smokers (23±26). Thus, paraoxonase activity could play a protective role in smokers against in vivo peroxidation of lipid. According to recent studies, cigarette smoke extracts have an inhibitory effect on plasma paraoxonase activity (27) . In vitro studies have also indicated that the paraoxonase 192R/R alloenzyme is less able to protect LDL against the accumulation of lipid peroxides than the alloenzymes containing the Q variant (28±29). The high prevalence of CAD among diabetic cases could be explained by a multitude of factors: the combined genetically determined lower paraoxonase-mediated protection against lipid peroxidation; the increased non-enzymatic glycation of the resulting oxidative damage caused by hyperglycemia; and the eventual impairment of paraoxonase activity by cigarette smoking may lead to an increased entrapment of oxidized LDL in the arterial wall. The results obtained in this study imply an important role for PON 1 gene (Q192R) polymorphism in the pathogenesis of CAD in Chinese type 2 diabetics. Because of the small sample size in the present study we should be cautious in interpreting and generalizing the results. Further investigations using larger sample sizes in matched case±control studies of various ethnic groups are warranted.
